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ion milling, Ar ion energy is started from 5 keV (10 minutes), then is successively decreased to 4 keV (20 minutes), 3 keV until a minute hole appears inside silicon, continued with 2 keV and 1 keV for final etching, each with a hold of 10 minutes. The procedure ends with an additional ion milling step of 10 minutes at 1 keV in double mode ion milling. For all steps top and button ion guns were set at 4º to avoid serious ion beam damage on the edges of thinned particles.
S.2. Partial dislocations and twinning in basal plane view
Linked to magnetic measurements on current ceramics samples 
S.4. White-line ratio and oxidation state of Mn ions
EELS spectra of L 3,2 edges of Mn of the same samples of Figure 5 .a are given in Figure   S3 .a. L 3,2 edges of transition metal ions have been extensively studied to provide useful information on oxidation state and coordination number of the transition metals 13, 14 . L 3 and L 2 edges of Mn 3+ ions result from electron transitions from 2p 3/2 and 2p 1/2 states to Mn 3d unoccupied states. The L 3,2 edges of Mn of three samples with different composition in Figure S3 .a present similar shape and almost identical energy onset within the actual resolution of EELS. The intensity ratio of L 3 /L 2 edges of Mn ion gives the Mn oxidation states, the so-called white-line ratio method being described elsewhere [15] [16] [17] [18] . To apply the white-line ratio method to Mn L 3,2 edges of EELS spectra in Figure   S3 .a, the contribution of multiple scattering was subtracted using Digital Micrograph Suit. Then a 10 eV window was chosen as scaling window in the region immediately after L 2 peak to be used as Hartree-Slater cross section step function. The L 3,2 edges from the extracted step function were both integrated in the same energy window. The average L 3 /L 2 ratio of two different particles of each composition is plotted in Figure   S3 .b. Based on known ranges of L 3 /L 2 ratio corresponding to the Mn valence from literature [13] [14] [15] [16] 18 , results in Figure S3 .b point to constant Mn 
